Sporothrix schenckii is the causative agent of human sporotrichosis. The most common form of infection is a localized cutaneous-subcutaneous disease characterized by ulcerative lesions, associated with lymphangitis and lymphadenopathy. Cases of sporotrichosis have been reported worldwide since the original description by Schenck at Johns Hopkins in 1898. However, North and South America have been the main sources for descriptions of new cases over the last two decades. The disease is considered to be the most common subcutaneous mycosis in South America (3, 4, 15, 18) . In Peru, sporotrichosis has recently been shown to be hyperendemic in the Southern Andean mountains (17) . Pappas et al. (17) reviewed records in a large referral clinic and found an annual sporotrichosis incidence of 48 to 60 cases per 100,000 population in Abancay, Peru.
Unequivocal diagnosis is obtained by culturing the fungus. S. schenckii is a dimorphic fungus in the class Hyphomycetes, isolated and cultivated from lesions under the anamorph state only. Mycelial culture develops at 25°C, whereas a characteristic shift to the yeast form is obtained in brain heart infusion (BHI) broth at 37°C.
The plant pathogen Ophiostoma stenoceras is the most closely related perfect fungus, with a quasi-undistinguishable conidial state. The primary habitats for S. schenckii are soil and plants. In contrast with the Ophiostoma species, no preferential biological association or pathogenicity for plants has been described for S. schenckii (12) .
According to the classical description, resulting from analysis of many outbreaks among miners, forestry workers, gardeners, florists, etc., cutaneous and subcutaneous sporotrichoses are acquired through the skin by traumatic implantation of the fungus from the soil and plants (12, 15, 23) . Sporotrichosis is mainly an occupational disease; additionally, a minor trauma may play an important role in introducing S. schenckii into the skin, as suggested by the association between sporotrichosis and ownership of a cat (14) . Infected cats have been implicated in several small outbreaks or case reports of sporotrichosis in humans, suggesting an alternative route of infection (1, 6, 7) . Cats represent a significant zoonotic potential, because their lesions are rich in parasites and they are close to humans.
Several molecular epidemiology studies have addressed the question of the genetic diversity of S. schenckii. The resulting clusters of strains have been found to be related to geographic origin and not to pathological or ecological features (5, 8-11, 13, 16, 20, 21, 22) .
The experiments presented in this paper were carried out with a view to describing the genetic diversity of S. schenckii. The main group of strains investigated here comprised clinical strains of S. schenckii from different regions of Peru, a country characterized by a large ecological diversity between the coast, highlands, and tropical forest. A DNA fingerprinting method (amplified fragment length polymorphism [AFLP]) was used to identify different populations of strains. DNA sequencing of the internal transcribed spacer 2 (ITS2) was performed in order to determine the evolutionary relationship between the different populations.
MATERIALS AND METHODS
A total of 43 S. schenckii strains from Peru (n ϭ 32), Mexico (n ϭ 7), Colombia (n ϭ 1), Bolivia (n ϭ 1), Italy (n ϭ 1), and South Africa (n ϭ 1) were analyzed. Two Belgian environmental strains of the related species Ophiostoma piceae and Sporothrix catenata were added as external references ( Table 1) .
The strains were kept freeze-dried in the Belgian Coordinated Collections of Microorganisms-Institute of Hygiene and Epidemiology, Mycology (BCCM-IHEM) collection of medical fungi (http://www.belspo.be/bccm/ihem.htm). All the Peruvian strains were isolated and identified in the Mycology Laboratory of the Instituto de Medicina Tropical "Alexander von Humboldt," Universidad Peruana Cayetano Heredia, in Lima, Peru. All Mexican strains were kindly provided by H. Torres-Guerrero (Universidad Nacional Autónoma de México, Mexico D.F., Mexico).
The pigmentation of the colonies was observed after 7 and 14 days of incubation at 25°C for subcultures performed in Sabouraud dextrose agar. The ability to shift to the yeast phase was examined microscopically after 7 days for subcultures performed at 37°C in BHI broth.
For DNA extraction, cells were cultured in BHI broth for 7 days with constant agitation at 37°C for the S. schenckii strains or 25°C for Ophiostoma. Cells were recovered by centrifugation and then disrupted by using glass beads and vortexed. The DNA was purified by using the Dneasy Plant Maxi Kit (QIAGEN, Hilden, Germany). The AFLP procedure was performed according to the AFLP Analysis System for Microorganisms protocol (AFLP microorganism primer kit; Invitrogen Life Technologies, Carlsbad, Calif.). The first PCR was performed with the two preselective primers EcoRI core sequence and MseI core sequence, under the following conditions: 20 cycles of 30 s at 94°C, 60 s at 56°C, and 60 s at 72°C. A second PCR was performed using selective fluorescent primers EcoRI-AA and different primer MseI core sequences, MseI-A and MseI-G. Conditions were as follows: a 30-s denaturation step at 94°C, a 1-min annealing step, and a 1-min extension step at 72°C. The annealing temperature in the first cycle was 65°C; for each of the next 12 cycles, the annealing temperature was reduced further by 0.7°C; for the remaining 23 cycles, it was kept at 56°C.
Two microliters of each sample was mixed with 1 l of a DNA size standard CEQ 600 (Beckman Coulter, Fullerton, Calif.) and 18 l of sample loading solution in each well of a 96-well plate provided by the manufacturer. Capillary electrophoresis was performed in a CEQ 2000XL DNA analysis system (Beckman Coulter) using the fragment-2 parameters (inject voltage, 2 kV for 60 s; denaturation temperature, 90°C for 120 s; capillary temperature, 35°C; separation voltage, 6 kV for 60 min).
The list of fragments generated by AFLP wzx exported to Gel Compare software (version 4.1; Applied Maths, Sint-Martens-Latem, Belgium) and analyzed by the unweighted-pair group method using arithmetic means (UPGMA) with the Dice coefficient.
A DNA fragment covering the 3Ј end of the 18S rRNA, the ITS, and the 5Ј end of the 26S rRNA was amplified with primers IT1 (5Ј-GTCGCTACTACCCGA TTGAATGGCT-3Ј) and IT2 (5Ј-CCTCCGCTTATTGATATGCTTAAG-3Ј). PCR was performed for 35 cycles of denaturation at 92°C for 30 s, annealing at 52°C for 30 s, and extension at 72°C for 1 min. Cycle sequencing of the ITS2 region was performed with primers ITS3 (5Ј-GCATCGATGAAGAACGCAG C-3Ј) and ITS4 (5Ј-TCCTCCGCTTATTGATATGC-3Ј) using the Beckman Coulter TM CEQ dye terminator cycle sequencing quick start kit. Further editing and multiple alignments were performed by using Lasergene (version 5; DNASTAR, Inc., Madison, Wis.), and the distance method UPGMA was used to create the tree (see Fig. 3 ) using the PAUP program (version 4.0b10, 2001; Sinauer Associates, Inc., Sunderland, Mass.). Nucleotide sequence accession numbers. Representative S. schenckii ITS2 sequences were submitted to the EMBL Sequence Database and were assigned accession numbers AJ850920 to AJ850924.
RESULTS
Under our experimental conditions, the molecular masses of the bands generated by AFLP ranged from 57 to 650 bp. We found two clusters among the Peruvian strains by UPGMA and DICE analysis. These clusters were very stable by using the combination of six primers (EcoRI-AA and MseI, EcoRI-AA and MseI-A, EcoRI-AA and MseI-G).
The reproducibility of this technique was high but not perfect; however, the presence of nonreproducible bands did not modify the clustering. Figure 1 shows that we found two clusters for the Peruvian strains: cluster A (23 strains) and cluster B (9 strains). The South African strain was more related to Peruvian cluster A. The Colombian and Bolivian strains were closer to Peruvian cluster B.
The seven Mexican strains are highly heterogeneous, with two strains found to be related to Peruvian cluster B and the other five strains grouped into two subclusters separated from the Peruvian strains.
The Italian S. schenckii strain was separated from the other S. schenckii strains, and O. piceae and S. catenata were outside of the S. schenckii clusters. There was no correlation between the AFLP types of the Peruvian strains and their geographical origins; S. schenckii strains from Amazonas, Apurimac, Ayacucho, Cuzco, Lima, Loreto, San Martin, and Puno (Fig. 2) are dispersed into the two genetic clusters A and B. No correlation was found between AFLP type and the clinical form of the disease (P ϭ 0.037).
Direct DNA sequence analysis of the ITS2 region was performed for 18 S. schenckii strains: 10 from Peru, 5 from Mex- (Fig. 3) . The Colombian strain (strain 3774) had the same ITS2 sequence as the Peruvian strains with the type B AFLP profile. Among Mexican strains, 19717 (EH176) presented the type B ITS2 sequence, while 19720 (EH190), 19716 (EH143), 19719 (EH182), and 19718 (EH179) presented the more-frequent type A sequence. The South African strain (strain 3787) was very close to the Peruvian types A and B (Ͼ99% identity). The Italian strain (strain 4178) was more distant (95% identity). The Belgian O. piceae strain (strain 695) was clearly distinct at the species level (75% identity).
All clinical S. schenckii strains shifted to the yeast phase at 37°C in BHI broth. The two environmental S. schenckii cultures exhibited filamentous growth at 37°C. O. piceae and S. catenata did not grow at 37°C.
Dark-brown pigmentation appeared in 100% of genotype B cultures (n ϭ 9) and in 56% (12 out of 23) of genotype A cultures; the difference found was statistically significant (P Ͻ 0.05). No association was found between the clinical sources of the strains and their pigmentation (P ϭ 0.33).
DISCUSSION
The result of AFLP analysis is clear for the Peruvian S. schenckii strains. Two main genotypes were identified. Cluster A was significantly more frequent (23 strains) than cluster B (9 strains). The two genotypes of Peruvian strains were clearly distinct (Fig. 1) . The strains from Mexico presented morevariable genotypes, with two strains related to cluster B and five strains distinct from Peruvian strains. The Bolivian and Colombian strains were found to be more closely related to type B. Among the strains isolated from non-American countries, only the South African strain was related to the Peruvian strains, specifically to cluster B. This result is in agreement with those of Ishizaki and colleagues (8) (9) (10) (11) , who found by using restriction fragment length polymorphism (RFLP) analysis of mitochondrial DNA (mtDNA) that the South American strains were related to the South African strains. The 24 mtDNA-RFLP types described were classified into two large phylogenetic groups. mtDNA-RFLP group A is predominant in South America and Africa, and mtDNA-RFLP group B is predominant in Australia and Asia. Watanabe et al. have recently published the ITS sequences of S. schenckii strains previously typed by mtDNA-RFLP (22) . Figure 3 strains, which is not surprising considering their geographical origin. Analysis of the Peruvian strains reveals that their ITS2 sequences are almost identical. The only divergence, a 1-bp difference at position 189 (Fig. 3) , correlates perfectly with the division into two groups resulting from AFLP analysis.
The variability observed in the AFLP patterns appear to result from a combination of factors. Geographical separation is certainly important; however, the main division was not related to geography. For example, the main cluster of Peruvian strains, cluster A, is more closely related to the two main clusters of Mexican strains than to the other Peruvian strains of cluster B. More-detailed analysis of Peruvian strains also failed to link genotype and geographical origin (Fig. 1) . Type A is dominant and is found all over the country (Ayacucho . There was no association between the clinical form of sporotrichosis and a particular genotype (P ϭ 0.37). The origins of cluster A strains are lymphocutaneous (n ϭ 12), fixed cutaneous (n ϭ 5), disseminated cutaneous (n ϭ 2), environmental (n ϭ 2), and not recorded (n ϭ 2). Cluster B strains are from lymphocutaneous (n ϭ 6), fixed cutaneous (n ϭ 2), and disseminated cutaneous (n ϭ 1) cases. The main factors determining the clinical form are most likely related to the condition of the patient rather than to the genotype of the strains.
AFLP is a multilocus genotyping method that has been successfully applied to the study of pathogenic fungi such as Cryptococcus neoformans. Boekhout et al. (2) , using AFLP, described considerable divergence between the different varieties of C. neoformans, a finding supported by independent phenotypic, biochemical, and molecular markers.
The division of Peruvian strains into two AFLP clusters has not been found to be related to the substrate, pathology, or geography. All AFLP type B strains have the ability to produce a dark-brown pigment. This characteristic is also present in 56% of the AFLP-type A strains; the difference was found to be statistically significant (P Ͻ 0.05). Romero-Martinez et al. (19) showed that melanized cells of S. schenckii are more resistant to killing by human monocytes, suggesting a link with pathogenicity. In our study, no association was found between pigmentation of the colonies and clinical form. As mentioned above for AFLP, the condition of the patient is most likely the main factor determining the clinical form.
The relationship between the genetic diversity and ecology of S. schenckii has not been studied. S. schenckii has been isolated from a variety of environmental sources. Also, sporotrichosis occurs in cats, dogs, and horses, and transmission from animals to humans is known (1, 6, 7) . It might seem, therefore, that the two populations identified in Peru occupied two distinct niches in the environment of patients. Further work, including strains from animals and more samples from the environment, is required in order to identify a putative association between the genotype and specific niches. This paper introduces automated AFLP analysis as a valuable tool for investigating the biodiversity of S. schenckii. Compared to other methods such as mtDNA-RFLP or rRNA phylogeny, AFLP has the great advantage of targeting the whole genome rather than a part of the genome, thus allowing further studies that could establish a specific link between particular DNA fragments and relevant phenotypic markers.
